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1
CROSSPOINT SWITCHING ARRAY

BACKGROUND OF THE INVENTION

This invention relates to crosspoint switching arrays.
More particularly, it is concerned with crosspoint
switching arrays employing a matrix of crosspoint
switches for connecting any one of a plurality of inputs
to any one of a plurality of outputs.

A conventional switching array for connecting any
one of a plurality of M inputs to any one of a plurality
of N outputs employing a matrix of crosspoint switches
S is illustrated by FIG. 1. The array is shown arranged
in a matrix of M rows by N columns with a switch S at
each crosspoint for connecting one of the M rows with
one of the N columns. Any M input port can be con-
nected to any N output port by closing the appropriate
one of the switches S.

In such an array the switching speed between an
input port and an output port is slowed by the stray
capacitances of the rows, columns, and switches. It is
apparent that the switching speed is decreased as the
size of the array or number of switching nodes is in-
creased, increasing the length of the row and column
connecting lines.

SUMMARY OF THE INVENTION

A crosspoint switching array for connecting any one
of a plurality of M input ports to any one of a plurality
of N output ports in accordance wth the present inven-
tion includes M XN crosspoint switching means ar-
ranged in M rows by N columns. Each crosspoint
switching means comprises a row input connection and
a row output connection. The row input connection is
connected to the row output connection of the preced-
ing crosspoint switching means in the row, and the row
output connection is connected to the row input con-
nection of the following crosspoint switching means in
the row. Each crosspoint switching means includes a
column mput connection and a column output connec-
tion. The column input connection is connected to the
column output connection of the preceding crosspoint
switching means in the column, and the column output
connection 1s connected to the column input connection
of the following crosspoint switching means in the col-
umn. A row buffer means has an input connected to the
row input connection and an output connected to the
row output connection. A selector means has a first
input connected to the column input connection and a
second input connected to the row output connection.
The selector means has an output connected to the
column output connection and also has a control input
means. The selector means is operable in response to a
first control condition at the control input means to
provide a closed circuit condition between the first
input and the output thereof and an open circuit condi-
tion between the second input and the output thereof.
The selector means is operable in response to a second
control condition at the control input means to provide
an open circuit condition between the first input and the
output thereof and a closed circuit condition between
the second input and the output thereof.

BRIEF DESCRIPTION OF THE DRAWINGS

In the drawings:
FIG. 1 is a schematic representation of a prior art
switching array and is discussed hereinabove;
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FIG. 2 is a diagram illustrating a crosspoint switching
array in accordance with the present invention;

FIG. 3 is a detailed circuit diagram of an individual
crosspoint switch in accordance with the present inven-
tion; and

FIG. 4 1s a timing diagram 1llustrating one scheme of
encoding binary digital information for transmission
through the switching array in accordance with the
present invention.

For a better understanding of the present invention,
together with other and further objects, advantages,
and capabilities thereof, reference is made to the follow-
ing disclosure and appended claims 1in connection with
the above-described drawings.

DETAILED DESCRIPTION

FIG. 2 illustrates an exemplary switching array for
digital signals employing a four-by-four matrix of six-
teen crosspoint switches for connecting any one of four
input ports, labeled R1-R4, to any one of or to any
combination of four output ports, labeled C1-C4. Each
row includes a buffer 11 at each crosspoint, the buffers
being connected along the row in series. Each column
includes a selector 12 associated with a buffer 11 at each
crosspoint. The selectors 12 of each column are ar-
ranged in series, and each selector 12 also has an input
connected to 1ts associated row at the crosspoint. The
individual buffers 11 are driver circuits and provide
1solation between adjacent crosspoints along each row.
Each selector 12 also includes a dniver circuit which
provides isolation between selectors of adjacent cross-
points along each column.

The switching array as illustrated operates generally
in the following manner to transmit digital signals pres-
ent at any one of the input ports R1-R4 to any one of
the output ports C1-C4. The digital signals are propa-
gated along the row from crosspoint to crosspoint by
the buffers 11. At the crosspoint of the column of the
selected output port, the selector 12 is activated to con-
nect the associated row to the associated column. All of
the following selectors 12 in the column provide a series
connection to the selected output port C1, C2, C3, or
C4. The digital signals are propagated along the column
from crosspoint-to-crosspoint by the driver circuits in
the selectors 12.

FIG. 3 illustrates a crosspoint switch, the switch at
the crosspoint of row 2 and column 3, labeled R2C3, as
an example. The crosspoint switch R2C3 has a row
input connection 20 to the row output of the preceding
crosspoint switch R2C2 in the row, and an output con-
nection 21 to the input connection of the following
crosspoint switch R2C4 in the row. For the first cross-
point switch in a row, the row input connection is con-
nected directly to the input port.

A column input connection 22 is connected to the
output of the preceding crosspoint switch R1C3 in the
column. A column output connection 23 1s connected to
the input connection of the following crosspoint switch
R3C3 in the column. The column oufput connection 23
of the last crosspoint switch in a column 1s connected to
the output port.

The buffer 11 is connected in series in the row line
between the row input connection 20 and the row out-
put connection 21, The buffer is a driver circuit with
two complementary transistors T1 and T2 connected as
an inverter. The inverter includes a P-type MOS field
effect transistor T1 connected between a voltage source
of +5 volts and the output connection N-type MOS
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field effect transistor connected between the output
connection 21 and ground. The gates of the transistors
T1 and T2 are connected together and to the row input
connection 20. Thus, the buffer 11 in a driver circuit
which in response t0 a binary signal at the input connec-
tion 20 produces an inverted output at the output con-
nection 21.

One configuration of a selector 12, as shown in FIG.
3, includes a first switch 31 of a complementary pair of
a P-type and an N-type MOS field effect transistor T3
and T4, respectively, connected in parallel between the
column input connection 22 and a common juncture 27.
- A second switch 32 of a complementary pair of a P-type
and an N-type MOS field effect transistor T5 and T,
respectively, are connected in parallel between the row

output connection 21 and the common juncture 27. The
gate of the P-type transistor T3 of the first switch 31 and
the gate of the N-type transistor T6 of the second

switch 32 are connected together and to a first control
input connection labeled FF23. The gate of the N-type

transistor T4 of the first switch 31 and the gate of the
P-type transistor TS of the second switch 32 are con-
nected in common to a second control input connection
labeled FF23.

A selector output buffer or driver circuit 35 is con-
nected between the juncture 27 and the column output
connection 23. The output driver circuit 35 is an in-
verter and includes a P-type MOS field effect transistor
T7 connected between a voltage source of 45 volts and
the column output connection 23 and an N-type MOS
field effect transistor T8 connected between the column
output connection 23 and ground. The gates of the two
transistors 17 and T8 are connected in common to the
juncture 27 at the outputs of the two switches 31 and 32.

The switching array and crosspoint switch as shown
in FIGS. 2 and 3 operate in the following manner. Digi-
tal signals applied to any one of the input ports R1-R4
are propagated along the row with each buffer 11 driv-
ing the following buffer in the row. At the selected
crosspoint, for example R2C3, the digital signals are
switched from the row to the column. This switching
action is effected by a relatively high control voltage at
the first control input connection FF23 and a relatively
low control voltage at the second control input connec-
tton FF23. These voltages applied to the respective
- gates cause the transistors T3 and T4 of the first switch
31 to be biased to the nonconducting or off condition,

thus presenting an open switch between the column

input connection 22 and the juncture 27. These control
voltages bias the transistors T5 and Té6 of the second
switch 32 to the on or conducting condition thus pro-
viding a closed switch between the row output connec-
tion 21 and the juncture 22. Thus the digital signals
being propagated along the row pass through the sec-
ond switch 32 to the output driver 35 which produces
inverted signals on the column output connection 23.
Alternatively, when the crosspoint switch R2C3 is
one of the fifteen not selected, the control voltage at the
first control input connection FF23 is low and the con-
trol voltage at the second control input connection
F¥23 is high. Under these conditions, transistors T5 and
T6 of the second switch 32 are biased to provide an
open condition between the row output connection 21
and the juncture 27, and transistors T3 and T4 of the
first switch 31 are biased to provide a closed condition
between the column input connection 22 and the junc-
ture 27. Thus digital signals received at the column
input connection 22 from the preceding crosspoint
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switch in the column are inverted and enhanced by the
driver circuit 35 and coupled to the following cross-
point switch in the column. All of the crosspoint
switches except the one selected are in this state so that
all the crosspoint switches following the selected cross-
point switch in the same column provide a series con-
nection to the output port of the column. The signals
are buffered and inverted at each stage by the driver
circuits 35.

In the specific embodiment as disclosed, signal inver-
sion occurs at each crosspoint switch of the array both
along the rows and along the columns. This inversion
can be compensated for in the circuitry connected to
the output ports by including a bit of known polarity in
a predetermined position in each digital signal message.
Thus 1t is clear at the output port whether or not a net

inversion has occurred. The use of inverters as driver
circuits minimizes the number of transistors required. In

addition, inverters have equal rise and fall times at the
output since the rising waveform at one stage becomes
a falling waveform at the following stage. This operat-
ing characteristic prevents pulse narrowing or widening
thereby maximizing the throughput.

The actions of the buffers or driver circuits at each
crosspoint maintain short transitions. However, the
total delay is a function of the size of the array and the
switching path taken; and, therefore, is different for
each received signal. In order to overcome this problem
the clock information may be encoded in the transmit-
ted signal. FIG. 4 illustrates one well known scheme for
embedding the clock information in the data of the
digital signal. A zero-one transition represents a logical
one and a one-zero transition represents a logical zero.
Thus, a transition occurs midway of each bit position to
be used as a clock transition.

The cascade of buffers along the rows and the cas-
cade of buffers along the columns contribute to a pro-
portional accumulation in overall delay while maintain-
ing short transitions between adjacent crosspoints.
These short transitions are provided by the gain in the
buffers. Each buffer drives only a single crosspoint
switch thereby approaching the maximum available
switching speed.

While there has been shown and described what is
considered a preferred embodiment of the present in-
vention, it will be obvious to those skilled in the art that

- various changes and modifications may be made therein
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without departing from the invention as defined by the
appended claims.

What 1s claimed is: |

1. A crosspoint switching array for connecting any

one of a plurality of M input ports to any one of a plural-
ity of N output ports including M x N crosspoint
switching means arranged in M rows by N columns,
each crosspoint switching means comprising

a row input connection and a row output connection,
the row input connection being connected to the
row output connection of the preceding crosspoint
switching means in the row, and the row output
connection being connected to the row input con-
nection of the following crosspoint switching
means in the row;

a column input connection and a column output con-
nection, the column input connection being con-
nected to the column output connection of the
preceding crosspoint switching means in the col-
umn, and the column output connection being con-
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nected to the column input connection of the fol-
lowing crosspoint switching means in the column;

row buffer means having an input connected to the
row input connection and an output connected to
the row output connection;

selector means having a first input connected to the
column input connection, a second input connected
to the row output connection, an output connected
to the column output connection, and control input
means;

said selector means being operable in response to a
first control condition at the control input means to
provide a closed circuit condition between the first
input and the output thereof and an open circuit
condition between the second input and the output

thereof; and

said selector means being operable 1n response to a
second control condition at the control input
means to provide an open circuit condition be-
tween the first input and the output thereof and a
closed circuit condition between the second input
and the output thereof.

2. A crosspoint switching array in accordance with

claim 1 wherein said selector means includes

first switching means having an input connected to
the fist input of the selector means and having an
output;

second switching means having an input connected to
the second input of the selector means and having
an output;

column buffer means having an input connected to
the outputs of the first and second switching means
and having an output connected to the column
output connection;

said first switching means being coupled to said con-
trol input means; said first switching means being
biased in a closed condition when the first control
condition 1s present at said control input means,
and being biased in an open condition when the
second control condition is present at said control
input means; and

sald second switching means being coupled to said
control input means; said second switching means
being biased in an open condition when the first
control condition is present at said control input
means, and being biased in a closed condition when
the second control condition 1s present at said con-
trol input means.

3. A crosspoint switching array in accordance with

claim 2 wherein

 said row buffer means includes driver circuit means
for producing a first predetermined voltage level at
the output thereof in response to a digital signal of
one binary value at the input thereto and for pro-
ducing a second predetermined voltage level at the
output thereof in response to a digital signal of the
opposite binary value at the input thereto; and

sald column buffer means includes driver circuit
means for producing said first predetermined volt-
age level at the output thereof in response to a
digital signal of said one binary value at the input
thereto and for producing said second predeter-
mined voltage level at the output thereof in re-
sponse to a digital signal of said opposite binary
value at the input thereto.

4. A crosspoint switching array in accordance with

claim 3 wherein
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said driver circuit means of said row buffer means
includes a row inverter circuit of a first row buffer
transistor connected between a source of operating
potential and said row output connection and a
second row buffer transistor, complementary to
said first row buffer transistor, connected between
said row output connection and a point of refer-
ence potential, said first and second row buffer
transistors each having a control electrode con-
nected to said row input connection; and |

said driver circuit means of said column buffer means
includes a column inverter circuit of a first column
buffer transistor connected between a source of
operating potential and said column oufput connec-
tion and a second column buffer transistor, comple-
mentary to said first column buffer transistor, con-
nected between said column output connection and
a point of reference potential, said first and second
column buffer transistors each having a control
electrode connected to the outputs of said first and
second switching means.

5. A crosspoint switching array in accordance with

claim 4 wherein

saild first switching means includes a first column
switching transistor connected between said col-
umn input connection and the control electrodes of
the first and second column buffer transistors and a
second column switching transistor, complemen-
tary to said first column switching transistor, con-
nected between said column mput connection and
the control electrodes of the first and second col-
umn transistors 1n parallel with said first column
switching transistor;

said second switching means includes a first row
switching transistor connected between said row
output connection and the control electrodes of the
first and second column buffer transistors and a
second row switching transistor, complementary
to said first row switching transistor, connected
between said row output connection and the con-
trol electrodes of the first and second column
buffer transistors in parallel with said first row
switching transistor;

satd first column switching transistor and said second
row switching transistor being complementary
transistors and each having a control electrode
connected in common to a first control input con-
nection;

said second column switching transistor and said first
row switching transistor having complementary
transistors and each having a conirol electrode
connected in common {o a second control input
connection;

said first and second column switching transistors
being biased for conduction therethrough and said
first and second row switching transistors being
biased to nonconduction when a first voltage level
1s present at said first control input connection and
a second voltage level 1s present at said second
control input connection; and |

said first and second row switching transistors being
biased for conduction therethrough and said first
and second column switching transistors being
biased to nonconduction when said second voltage
level is present at said first control input connec-
tion and said first voltage level is present at said
second control input connection;
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whereby when said first voltage level is present at said
first control input connection and said second voltage
level is present at said second control input connection,
digital signals present at said row input connection are
coupled to said row output connection and digital sig-
nals present at said column input connection are cou-
pled to said column output connection; and whereby
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when said second voltage level is present at said first
control input connection and said first voltage level is

present at said second control input connection, digital
signals present at said row input connection are coupled

to said column output connection.
i * S ¥
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